ABSTRACT: Three hundred seventy-one crossbredyearling heifers (299 ± 9 kg initial BW) were obtained from a common source and used in a randomized complete-block designed finishing study. A 2 × 3 factorial arrangement of treatments was used with one factor being diet: based on steam-flaked corn finishing diet (SFC) or SFC plus 25% (dry basis) corn wet distillers grains with solubles (WDGS). The second factor was feed additives: no added antibiotics (NONE), 300 mg of monensin daily (MONENSIN), or 300 mg of monensin + 90 mg of tylosin daily (MON+TYL). Main effect of diet resulted in no difference in DMI (P = 0.34). Heifers fed SFC gained 9% faster (P = 0.01) and were 7% more efficient (P = 0.01) than heifers fed WDGS. In addition, heifers fed SFC had 3% heavier (P = 0.01) HCW; 1% greater (P = 0.01) dress yield; and had 3% larger (P = 0.05) LM area. Marbling score and carcasses that graded USDA Choice or better were both greater (P ≤ 0.03) for heifers fed SFC. Heifers fed MONENSIN had a smaller (P = 0.01) LM area than heifers fed NONE and tended (P = 0.09) to have smaller LM area than heifers fed MON+TYL. Marbling score, USDA quality grade, and USDA yield grade were not different (P ≥ 0.12) among feed additive treatments. Kidney, pelvic, and heart fat and s.c. fat thickness at the 12th rib were also not different (P ≥ 0.55) for main effects of diet and feed additive. There was a tendency (P = 0.09) for a diet × feed additive interaction for the most severe (A+) liver abscesses. Heifers fed NONE yielded the greatest percentage (16%) of A+ livers in the SFC treatment, whereas heifers fed MON+TYL yielded the greatest percentage (10%) in the WDGS treatment. Including wet distillers grains with solubles in diets based on steam-flaked corn decreased finishing heifer performance, HCW, and marbling. Tylosin addition tended to decrease severity of liver abscesses in diets containing SFC, but not in diets containing WDGS. These data indicate that monensin and tylosin may not be as effective when used in steam-flaked corn diets with 25% WDGS.
INTRODUCTION
Monensin (Rumensin, Elanco Animal Health, Indianapolis, IN) and tylosin (Tylan, Elanco Animal Health) are commonly fed to finishing cattle. Monensin supplementation improves feed efficiency of cattle (Davis and Erhart, 1976; Raun et al., 1976; Delfino et al., 1988) and tylosin reduces liver abscesses (Brown et al., 1975; Brink et al., 1990; Vogel and Laudert, 1994) . Since the introduction of monensin and tylosin, the composition of finishing diets has undergone many changes. Fueled by rapid expansion of the ethanol industry, distillers grains usage in diets has increased substantially over the last decade. Distillers grains, which typically contain little starch and approximately 30% CP and 10% fat (NRC, 1996) , are commonly added to finishing diets to replace a portion of the cereal grains and protein. Replacing cereal grains with roughage generally reduces the incidence and severity of liver abscesses (Harvey et al., 1968; Brent, 1976; Zinn and Plascencia, 1996) . Interactions between supplemental fat and ionophores have been documented by Brethour (1984) , Brandt et al. (1988 Brandt et al. ( , 1991 , and Clary et al. (1993) and suggest that supplemental fat reduces the effectiveness of ionophores. Fat supplementation and monensin both favor increased propionate production and decreased methane production , resulting in increased ruminal energy efficiency. In addition, Montgomery et al. (2005) suggested that 5% corn germ in finishing diets reduced incidence of liver abscesses.
Our objective was to evaluate the effects of monensin and tylosin in steam-flaked corn diets and in steamflaked corn diets containing wet distillers grains on growth performance and carcass characteristics.
MATERIALS AND METHODS
The project was approved by the Kansas State University Institutional Animal Care and Use Committee.
Three hundred seventy-one crossbred-yearling heifers (299 ± 9 kg initial BW) were obtained from a common source and used in a randomized complete-block design experiment. Treatments were arranged in a 2 × 3 factorial arrangement with 1 factor being inclusion or absence of wet distillers grains with solubles and the other being the addition of feed additives: no added antibiotics (NONE), monensin only (MONENSIN), and monensin + tylosin (MON+TYL). Monensin was fed at 300 mg daily, and tylosin was fed at 90 mg daily. Heifers were fed steam-flaked corn-based finishing diets with and without 25% (DM basis) corn-based wet distillers grains plus solubles (WDGS and SFC, respectively; Table 1 ). Whole corn was steam-flaked to a bulk density of 360 g/L, with an average particle size of 5,961 ± 601 µm (n = 66). Weekly samples of feedstuffs were collected throughout the duration of the study for DM and nutrient content determination. Dry matter for corn wet distillers grains was determined by Karl Fisher titration (AquaStar Model V1B, EM Science, Gibbstown, NJ), with all other ingredients dried at 105°C for 16 h in a forced-air oven. Crude protein was determined using Leco FP-2000 nitrogen analyzer (Leco Corporation, St. Joseph, MI). Lipid content was determined using Goldfisch ether extraction method. The oven DM for corn wet distillers grains fed was 31 ± 2% (n = 17), whereas the Karl Fisher titration DM was 36% (n = 2). The nutrient composition (DM basis) of the corn wet distillers grains with solubles (n = 17) were 32 ± 2% CP; 0.7 ± 0.05% P; 13 ± 1% crude fat; and 30 ± 2% NDF. All diets were formulated to be 14% CP; however, after analyzing the weekly ingredient samples, the SFC diets were 13.2% CP and the WDGS diets were 14.1% CP.
Upon arrival at the feedlot, heifers were offered ad libitum access to long-stem prairie hay and fresh water. Approximately 44 h after arrival, cattle were identified with uniquely numbered tags in both ears, received injections of Bovishield-4 and Fortress-7 vaccines (Pfizer Animal Health, Exton, PA), were treated with Phoenectin pour-on (Phoenix Scientific Inc., St. Joseph, MO), and were implanted with Revalor IH growth implants (Intervet Inc., Millsboro, DE) . One week later, all heifers received Prostamate (Phoenix Scientific Inc., St. Joseph, MO) injections. Heifers were blocked by BW and assigned randomly to treatments and pens. Fifty-four pens were used in this study, with 7 BW blocks, 9 pens per treatment, and 7 heifers per pen. However, due to reasons not related to treatments (e.g., lameness), 7 heifers did not finish the study, resulting in 7 pens containing only 6 heifers. Heifers were allowed ad libitum access to each of 5 adaptation diets leading to the final finishing diet (Table 1 ). The adaptation diets were fed for 5 d each, with a portion of the alfalfa hay being replaced with steam-flaked corn at each step. Pens were concrete-surfaced (36 m 2 ) with overhead shade covering the bunk and half of the pen. Pens included automatic water fountains and 3.2 m of bunk space. Pen weights of cattle were taken immediately before cattle were shipped to a commercial abattoir. Dietary NE m and NE g were calculated based on heifer performance (NRC, 1984) .
Cattle were slaughtered on d 150 at a commercial abattoir in Emporia, KS, at which time carcass data were collected. Carcass weight and liver abscess scores were obtained at the time of slaughter. Liver abscesses were scored according to the Elanco scoring system; A − = 1 or 2 small abscesses or abscess scars, A = 2 to 4 small well-organized abscesses, and A + = 1 or more large or active abscesses with or without adhesions. Longissimus muscle area, s.c. fat thickness over 12th rib, KPH fat, marbling score, USDA quality grades, and calculated yield grades were determined following a 24-h chill. Final BW was calculated by dividing HCW by a common dress yield of 63.5%. 1 None = formulated to provide 0.5 mg of melengestrol acetate (Pfizer Animal Health, Exton, PA) daily.
2 Monensin = formulated to provide 0.5 mg of melengestrol acetate and 300 mg of monensin daily.
3 Monensin and Tylosin = formulated to provide 0.5 mg of melengestrol acetate, 300 mg of monensin, and 90 mg of tylosin daily.
4 WDGS = corn wet distillers grain with solubles. 
Statistical Analysis
Growth performance and carcass characteristics were analyzed statistically by the MIXED procedure (SAS Inst. Inc., Cary, NC). Pen was the experimental unit, and block was used as the random effect. The model included the effects of diet, feed additive, and diet × feed additive and were protected by using the Ftest (P < 0.05). Two contrasts statements were used to compare NONE with the average of MONENSIN and MON+TYL, and the second contrast was to compare MONENSIN with MON+TYL.
RESULTS AND DISCUSSION

Finishing Performance
Replacing SFC with WDGS did not affect DMI (P = 0.34; Table 2 ). Heifers fed WDGS gained less BW (P = 0.01) and were less efficient (P = 0.01) than heifers fed SFC. In addition, apparent dietary NE m and NE g based on animal performance were 6 and 7% greater (P = 0.01), respectively, for the diets with no WDGS. Monensin and tylosin supplementation did not affect (P > 0.20) DMI, ADG, or feed efficiency.
Previous research from Larson et al. (1993) demonstrated a linear decrease in DMI when corn wet distillers grains were increased from 0 to 40% of dietary DM. Results from our study are similar to those of Lodge et al. (1997) and Al-Suwaiegh et al. (2002) in that DMI was not different when 30 and 40% of sorghum and corn distillers grains, respectively, were added to the finishing diet. Lodge et al. (1997) reported no improvement in ADG when 40% sorghum distillers grains were fed. Al-Suwaiegh et al. (2002) showed a 10% improvement in ADG; whereas, Larson et al. (1993) observed a tendency for a 6% improvement in ADG. In addition, Larson et al. (1993) and Al-Suwaiegh et al. (2002) both observed an improvement in feed efficiency when up to 40% of dietary DM was distillers grains. But Lodge et al. (1997) showed no difference in feed efficiency when sorghum wet distillers grains were fed and showed decreased feed efficiency when sorghum dry distillers grains were fed. In our study, SFC was the predominant ingredient, whereas dry-rolled corn was used by Larson et al. (1993) , Lodge et al. (1997) , and Al-Suwaiegh et al. (2002) . The NRC (1984, 1996) reports that steam-flaked corn has 6 and 4% greater, respectively, NE g than dry-rolled corn. Research from Barajas and Zinn (1998) and Zinn et al. (1998) suggest that the feeding value of steam-flaked corn is 10 to 16% greater than that of dry-rolled corn. Replacing a more energy dense product such as steam-flaked corn, rather than dry-rolled corn, with distillers grains may explain the poorer animal performance in our experiment, compared with the results reported by Larson et al. (1993) , Lodge et al. (1997), and Al-Suwaiegh et al. (2002) .
The calculated dietary NE m and NE g based on animal performance were greater for finishing diets with no WDGS than for diets containing distillers grains with solubles. In the current study, we calculated NE m and NE g for WDGS to be 1.91 and 1.26 Mcal/kg of DM, respectively. Using the same prediction equation (NRC, 1984) and data from Firkins et al. (1985) (Zinn et al., 1995; Corona et al., 2006; Sindt et al., 2006) . In vitro studies summarized by Russell and Wilson (1996) suggest a rapid decline in activity of fibrolytic organisms when pH decreased below 6.2. In addition, the optimal pH range for cellulases of ruminal bacteria is rarely below pH 6.0 (Huang et al., 1988; McGavin and Forsberg, 1988; and McGavin et al., 1989) . The NRC (1996) reports an average NDF of distillers grains with solubles to be 46% (DM basis). Thus it is plausible that a large portion of the distillers grains is not digested in the rumen due to the lower ruminal pH resulting in a lower feed value in finishing diets based on steam-flaked corn. Dry matter intake, ADG, and gain efficiency were not different (P > 0.20) for the main effect of feed additive. In addition, DMI, ADG, and gain efficiency were not different (P > 0.14) for the heifers fed with (i.e., MON-ENSIN and MON+TYL) or without (i.e., CONTROL) feed additives.
Feeding monensin has been shown to decrease DMI of finishing cattle (Gill et al., 1976; Heinemann et al., 1978; Pendlum et al., 1978) . Owens (1980) suggested that monensin will decrease DMI by approximately 5 to 6%. However, in the current study monensin did not affect DMI. Early work with monensin supplementation suggests an improvement in gain efficiency of finishing cattle Boling et al., 1977; Thompson and Riley, 1980) . However, research reported by Burrin et al. (1988) , Stock et al. (1990) , and Zinn and Borques (1993) showed no improvement in gain efficiency when monensin was fed. Differences in the efficacy of monensin are not well understood. However, Spires et al. (1990) noted that improvements in gain efficiency decreased as energy density of the diet increased. In addition, Zinn et al. (1994) proposed that the dietary inclusion level of forage may interact with monensin and lead to variable responses, but results from their study would suggest that monensin was not affected by amount of forage. Clary et al. (1993) observed a significant interaction between tallow and monensin supplementation. Feed efficiency was improved by 4% when monensin was fed in the finishing diet with no tallow. However, gain efficiency was not different when monensin was fed in combination with tallow, suggesting that monensin may not be as effective when supplemental fat is included in high-concentrate diets. Brethour (1984) showed similar results for lasalocid, which was more effective when fed alone than when fed with fat. In the current study, monensin and tylosin had no effect on animal growth performance regardless of different dietary fat levels associated with the addition of distillers grains with solubles.
Carcass Data
Heifers fed SFC had 3% heavier HCW (P = 0.01) and 3% greater LM area (P = 0.05) than heifers fed WDGS (Table 3) . Differences in HCW and LM area were likely due to decreased energy density of the WDGS diets. The addition of MONENSIN and MON+TYL had no effect (P = 0.38) on HCW. Dress yield for heifers fed SFC was greater (P = 0.01) than that of heifers fed WDGS; feed additives in the diet did not influence (P = 0.19) dress yield. Longissimus muscle area was greater (P = 0.05) for the CONTROL heifers when compared with the heifers fed feed additives, MONENSIN and MON+TYL, respectively. Heifers fed MONENSIN tended (P = 0.10) to have smaller LM area than heifers fed MON+TYL. This difference in LM area is difficult to explain considering HCW were not different for heifers fed diets with and without feed additives. The KPH and s.c. fat thickness were not different (P > 0.55) for the main effects or the orthogonal contrast. Overall, percentages of livers with abscesses were not different (P ≥ 0.27) for main effects of diet and feed additives or for the orthogonal contrast. However, there was a tendency (P = 0.09) for a diet × feed additive interaction for the most severe (A+) liver abscesses. This tendency was driven largely by the low incidence of abscessed livers for the heifers fed SFC with MON+TYL. Tylosin inclusion reduced severely abscessed livers when fed with SFC. However, tylosin had no effect when fed with WDGS. These results suggest that tylosin may not be as effective when added to finishing diets containing moderate levels of distillers grains with solubles. It is plausible that replacing highly digestible starch in the form of steam-flaked corn with distillers grains with solubles decreases VFA concentrations (Ham et al., 1994) in the rumen, thereby reducing subacute acidosis and rumenitis. Rumenitis is generally considered a predisposing factor for the onset of liver abscesses (Smith, 1944; Jensen et al., 1954a,b; Tan et al., 1996) .
Marbling score and number of carcasses grading USDA Choice or better were both greater (P ≤ 0.03) for heifers fed SFC than for heifers fed WDGS, whereas heifers fed WDGS had more (P = 0.02) carcasses grading USDA Select (Table 4) . Marbling score and USDA quality grades were not altered (P > 0.44) by the addition of feed additives. Average USDA yield grades and the distribution of those yield grades were not different (P > 0.12) between diets and feed additives.
Heifers fed WDGS consumed less dietary energy daily than heifers fed SFC and may have resulted in the decreased quality grade for the WDGS cattle. Another plausible explanation is the relationship between fatty acid precursors and adipose deposition. Hood and Allen (1978) have reported differences in lipogenic precursors for subcutaneous and intramuscular adipose tissue. Smith and Crouse (1984) further showed that glucose provided a greater percentage of acetyl units for fatty acid synthesis in the intramuscular depot than the subcutaneous depot (1 to 10% and 51 to 76% for subcutaneous and intramuscular depots, respectively). Perhaps feeding distillers grains shifts the acetate:propionate ratio to more acetate and less propionate, leading to differences in adipose accretion. However, research by Ham et al. (1994) did not show any differences in acetate:propionate ratio when 40% WDGS was fed, whereas Vander Pol et al. (2007) showed a reduction in acetate:propionate ratio.
Results from this study suggest that adding 25% (DM basis) of corn wet distillers grains with solubles to a finishing diet based on steam-flaked corn decreased ADG, gain efficiency, final BW, HCW, dress yield, LM area, and carcass quality grade, and had no effect on abscess-condemned livers. In this study, the addition of MONENSIN or MON+TYL did not affect animal growth performance, feed efficiency, carcass characteristics, carcass quality, or liver abscesses. 
